© 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 273 384 

A1 



© 



© Application number: 87119118.5 
© Date of filing: 23.12.87 



EUROPEAN PATENT APPLICATION 

© lnt.Cl* G11B 7/007 , G11B 7/013 



® Priority: 25.12.86 JP 311358/86 


® Applicant: Matsushita Electric Industrial Co., 


25.12.86 JP 311359/86 


Ltd. 


25.12.86 JP 311360/86 


1006, Oaza Kadoma 


© Date of publication of application: 


Kadoma-shi Osaka-fu, 571 (JP) 


© Inventor: Mural, Katsumi 


06.07.88 Bulletin 88/27 


® Designated Contracting States: 


48, Mlbu-shlmomlzocho 


Nakagyo-ku Kyoto(JP) 


DE FR G6 


Inventor: Usui, Ma koto 




46-54, Tarumicho-1-chome 




Suita-shi(JP) 




© Representative: Patentanwalte Leinweber & 




Zlmmermann 




Rosental 7/II Aufg. 




D-8000 MUnchen 2(DE) 



00 

CO 

CO 
CM 



© Optical Information recording disk and optical information recording disk apparatus. 

© An optical information recording disk and optical 
information recording disk apparatus which increase 
the recording capacity of data recorded on the disk, 
and are capable of fast recording and reproduction. 
Logical tracks are arranged by sequentially merging 
physical tracks starting at the inner portion of the 
disk and physical tracks starting at the outer portion, 
and the number of sectors on corresponding tracks 
recorded at a constant linear density is invariably 
constant on the basis of the relation of arithmetical 
series. Consequently, the inventive system, despite 
of the MCAV system of constant disk speed, 
I achieves track access and fast data transfer com- 
1 parable with the conventional CAV system. 
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OPTICAL INFORMATION RECORDING DISK AND OPTICAL INFORMATION RECORDING DISK APPARATUS 



BACKGROUND OF THE INVENTION 

Recently, optical information recording disks 
are attracting attention as mass capacity informa- 
tion media, although they are not of as large ca- 
pacity as magnetic tapes. In order for the optical 
information recording disk to have an increased 
recording capacity, it often adopts the recording 
system for making constant recording density 
called "CLV . (constant linear velocity)" system. 
However, to be applied to information files, that are 
primarily accessed at random, the disk speed 
needs to be changed for each access, and this 
results in a slower access time. On this account, 
for computer related applications, in which access 
ability is a crucial performance factor, the CAV 
(constant angular velocity) system is generally 
adopted. Recently, attempts have been made to 
achieve both of the virtually constant recording 
density and fast access by changing the informa- 
tion recording rate while maintaining a constant 
disk speed. This system is called "MCAV" 
(modified constant angular velocity) system. The 
optical information recording disk and optical in- 
formation recording disk apparatus based on the 
above-mentioned conventional MCAV system will 
be described with reference to the drawings. 

Fig. 9 shows the recording surface of the op- 
tical information recording disk based on the con- 
ventional MCAV system. In the figure, indicated by 
66 is an optical guide groove for track 0 sector 0 
on the optical information recording disk. Indicated 
by 67 is an address information recording section 
in the form of a small pit for track 0 sector 0, in 
which section are recorded address information 
including a sector mark, synchronizing VFO signal 
and track information, and information such as error 
check code for the address information, all re- 
corded at manufacturing of the master disk for the 
optical information recording disk. Indicated by 68, 
69, 70, 71, 72 and 73 are information recording 
sections for track 0 sector 1 , track 0 sector 9, track 
1 sector 0, track 1 sector 10, track 2 sector 0, and 
track 2 sector 6, respectively. Indicated by 74, 75 
and 76 are address information sections for track 6 
sector 4, track 8 sector 5, and* track 9 sector 13. 
The operation of the optical information recording 
disk arranged as described above is as follows. 

A region extending from an information record- 
ing region 66 following the address information 
recording section 67 for track 0 sector 0 to an 
information recording region following the address 
information recording section 73 for track 2 sector 
6, and a region extending from an information 



recording region following the address information 
recording section 74 for track 8 sector 4 to an 
information recording region following the address 
information recording section 76 for track 9 sector 

s 13 have records of different image data of the 
same number of pixels, and each of these regions 
occupies 28 sectors. Although these data are re- 
corded dividedly in sectors with a certain informa- 
tion capacity for the control or management conve- 
rt? ntence, they occupy different numbers of tracks 
due to different numbers of division for compensat- 
ing the different circumferential lengths at inner and 
outer portions while maintaining a virtually constant 
linear density. The worst data transfer rate through 

75 recording and reproduction- is equivalent^ 10 sec- 
tors per disk revolution, and it is determined by the 
transfer rate of the innermost track. 

Next, the operation of the optical information 
recording disk apparatus will be described. 

20 Fig. 10 shows a conventional MCAV optical 

information recording disk apparatus. In the figure, 
indicated by 38 is a double-sided optical informa- 
tion disk, 39 is an optical head, 41 is a disk spindle 
motor, 46 is a binary threshold circuit, 48 is an 

25 optical head drive control circuit, 50 is an address 
information detecting circuit, 52 is a PLL circuit, 54 
is an error correcting circuit, 56 is a buffer memory 
circuit, 58 is a laser drive circuit, and 60 is a 
control microcomputer. The control microcomputer, 

30 ' which implements head tracking on any desired 
track on the optical information recording disk 38. 
operates on the optical head drive circuit 48 to 
have a seek operation for the optical head 39 to the 
desired target track so that address information 

35 read out by the binary threshold circuit 46 and 
address information detecting circuit 50 matches 
the desired -address. In recording, binary informa- 
tion from the host computer is stored in necessary 
quantity in a buffer memory 56, and, after being 

4o appended with error correcting codes by an error 
correcting circuit 54, it is written onto the optical 
information disk 38 by the laser drive circuit 58. In 
reproduction, a synthesized oscillator in the PLL 
circuit 52 is set up in advance by * the control 

45 computer 60 to oscillate the comparing source 
oscillation frequency corresponding to the target 
track, and recorded information which was made 
binary by the binary threshold circuit 46 is read out 
in response to the reproduction clock produced by 

so the PLL circuit and which frequency is compared 
with the source oscillation frequency, and, after 
being rendered error correction by the error cor- 
recting circuit 54, it is sent to the buffer memory 
circuit 56. The data in the buffer memory is then 
sent to the host computer. The data transfer rate 
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from the host computer at recording or to the host 
computer at reproduction is in quantity equivalent* 
to 18 sectors per disk revolution at the outermost 
portion and 10 sectors at the innermost portion. 
The conventional MCAV optical information record- 
ing disk is constant in revolution and, although the 
concept of "1 track" exists, it has different record- 
ing capacities at an inner portion and outer portion, 
and therefore the number of tracks cannot be cor- 
respondent to a certain quantity of information data 
and, in addition, the maximum information transfer 
rate is determined by the worst transfer rate of the 
innermost portion. 

However, the foregoing arrangement does not 
allow the construction of computer systems using 
the concept of tracks and sectors generally used in 
digital information recording media, and it obliges 
to make correspondence by computation between 
logical sectors and physical sectors using conver- 
sion tables or the like. In general, this computation 
is intricate and needs accumulation of track num- 
bers with different numbers of sectors starting at 
the innermost track, and it becomes almost mean- 
ingless to record the same track number as con- 
ventional one in the address information on the 
optical information recording disk. 

However, in order to speed up operations such 
as calculating the number of tracks to be jumped 
while reading the track address information so as 
to meet the requirement of faster access on the 
optical information recording disk, the physical and 
logical tracks are desirably consistent. Therefore, 
the conventional arrangement has problems in soft- 
ware overhead to cope with the above matter and 
increased hardware components for the conversion 
table. Even though a fast, mass data transfer for 
digital video data might be accomplished using the 
outermost portion, the worst transfer rate in the 
innermost portion negates any improvement over 
the CAV system. In contrast, the ordinary CLV 
system successfully overcomes the problem of 
transfer, however, it necessitates a very high disk 
revolving speed for recording the innermost por- 
tion, creating mechanical problems of vibration and 
increased access time due to the inertia to follow 
the disk speed which varies it each access opera- 
tion. 



SUMMARY OF THE INVENTION 

In view of the foregoing situation, the present 
invention is intended to provide an optical informa- 
tion recording disk and optical information record- 
ing disk apparatus operative based on the concept 
of "tracks" and "sectors" on the recording medium 
as in the conventional CAV (constant angular ve- 
locity) system without sacrificing the fast-access 



and mass-storage capabilities of the MCAV record- 
ing system, and operative in unison with conven- 
tional computers. The invention is also intended to 
realize fast data transfer. 
5 The inventive optical information recording disk 

has first information recording sections provided in 
a constant angular interval on spiral tracks ar- 
ranged dividedly in equal number in an inner and 
outer portions on one side of a recording disk or on 

w spiral tracks arranged in equal number on both 
sides of a recording disk, partitioned information 
sections divided from part or all of the first informa- 
tion recording sections with the length of each 
partitioned section being longer than a certain pre- 

75 determined length and with the number of divisions 
per first information recording section being deter- 
mined depending on the radius of track so as to 
have a maximum number of divisions, and address 
information sections on the spiral tracks for iden- 

20 tifying the information recording position. Informa- 
tion is recorded on spiral tracks in the inner portion 
in the order fronrvinside to outside, and information 
is recorded on spiral tracks in the outer portion, 
which have the different or opposite spiral direction 

25 from that in the inner portion, in the order from 
outside to inside. Alternatively, information is re- 
corded on spiral tracks from inside to outside on a 
first surface and information is recorded on spiral 
tracks on a second surface, which have the same 

30 spiral direction as the first surface, in the order 
from outside to inside, and a series of information 
is recorded dividedly with the correspondence be- 
ing made between the first information recording 
sections of a specific inner track and a specific 

35 outer track, with the specific tracks being confined 
to have such relation that total number of divisions 
per first information recording section of the inner 
and outer portions is equal to the total of the 
number of divisions of the innermost first informa^ 

40 Uon recording section and the number of divisions 
of the outermost first information recording section. 

The inventive optical information recording disk 
apparatus includes an optical information recording 
disk having address information sections on tracks 

45 for identifying the information recording position 
and first information recording sections provided in 
a constant angular interval on tracks, and par- 
titioned information sections divided from part or alt 
of the first information recording sections, with their 

so length being longer than a predetermined length 
and with their number of divisions per information 
recording section being determined depending on 
the radius of track so as to have a maximum 
number of divisions, at least one pair of heads for 

55 writing or reading information on the optical in- 
formation recording disk, means of converting in- 
formation, which has been read out of the optical 
information recording disk, into binary, a buffer 
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memory for storing the binary information to be 
written or read on the recording disk by the heads, 
means of rotating the optical information recording 
disk at a constant angular velocity, means of iden- 
tifying address information, and means of recording 
information in a constant quantity per partitioned 
information section. In operation, the pair of heads 
makes access to different tracks, with a sum M + N 
of numbers of divisions of the first information 
recording sections being a constant value, at re- 
cording, binary information to be recorded in quan- 
tity equivalent to the sum of divisions M + N is 
written into the buffer memory at each certain 
angular revolution of the disk and, thereafter the 
binary information is read out of the buffer memory 
and supplied to the partitioned information sections 
distributive^ for the head pair depending on di- 
vision numbers M and N, and, at reproduction, 
information picked up by the pair of heads is 
binary-digitized and written in the buffer memory, 
and the binary information in quantity equivalent to 
the sum of division numbers M + N is read out of 
the buffer memory at every certain angular revolu- 
tion of the optical information recording disk. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of the optical informa- 
tion recording disk according to the first embodi- 
ment of this invention; 

Figs. 2A and 2B are front views of the first 
embodiment, showing the states of access to track 
0 and track 4; 

Fig. 3 is a plan view of the optical informa- 
tion recording disk according to the second em- 
bodiment of the invention; 

Fig. 4A is a plan view showing the first disk 
surface of the optical information recording disk 
according to the third embodiment of the invention; 

Fig. 4B is a plan view showing the second 
surface of the disk according to the third embodi- 
ment of the invention; 

Figs. 5A and 5B are front views showing the 
states of access to track 0 and track 9 according to 
the third and fifth embodiments of the invention; 

Fig. 6A is a plan view showing the first disk 
surface of the optical information recording disk 
according to the fourth embodiment of the inven- 
tion; 

Fig, 6B is a plan view showing the second 
surface of the disk according to the fourth embodi- 
ment; 

Fig. 7 is a block diagram of the optical 
information recording disk apparatus according to 
the fifth embodiment of the invention; 



Fig. 8 is a block diagram of the optical 
informa tion recording disk apparatus according to 
the sixth embodiment of the invention; 

Fig. 9 is a plan view of the conventional 
s optical information recording disk; and 

Fig. 10 is a block diagram of the conven- 
tional optical information recording disk apparatus. 

w DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The optical information recording disk embody- 
ing the present invention will be described with 

is reference to the drawings. Fig. 1 shows the" con- 
cept of recording state on the optical information 
recording disk according to the first embodiment of 
this invention, and Figs. 2A and 2B the states of 
access to information tracks according to the first 

20 embodiment of the invention. In Fig. 1, indicated by 
1 is an optical guide groove for the outermost track 
0 sector 0 on the recording surface of the optical 
information recording disk. 2 is an address informa- 
tion recording section in the form of small pits for 

25 the outermost track 0 sector 0; and it has a record 
of address information including track information 
and information such as an error check code for 
the address information, all recorded at manufac- 
turing of the master disk for the optical information 

30 recording disk. Indicated by 3, 4, 5, 6 and 7 are 
address information recording sections for track 0 
sector 1, track 0 sector 17, track 1 sector 0, track 2 
sector 0, and track 2 sector 15, respectively. In- 
dicated by 8. 9, 10, 11. 12 and 13 are address 

35 information recording sections for the innermost 
track 0 sector 18, track 0 sector 19, track 0 sector 
29, track 1 sector 1 8, track 2 sector 1 6, and track 2 
sector 29. respectively. In Figs. 2A and 2B, in- 
dicated by 14 is the optical information recording 

40 disk, 15 and 16 are optical heads, and 17 is a disk 
spindle motor. 

The operation of the optical information record- 
ing disk arranged as described above will be ex- 
plained in connection with Rgs. 1, 2A and 2B. The 

45 optical recording disk of this embodiment has its 
number of sectors per track increasing by two at 
each shift of two track positions from inner toward 
outer tracks. This is the MCAV system and even 
increasing the number of divisions along the way 

so from inner to outer tracks, if the length of division 
exceeds a certain length which is set for the inner- 
most track, the number of divisions is increased so 
that the recording line density is virtually kept con- 
stant Each track on the optical recording disk is 

55 split into two parts, and it means for the split 
semicircular tracks that the number of sectors in- 
creases by one as the track position shift from 
inner toward outer tracks. On the optical informa- 
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tion recording disk of this embodiment, tracks giv- 
en the same number exist in the inner and outer 
portions. Recording video data for a piece or one 
scene of digital picture occupies ali of 30 sectors 
on track 0, I.e., from track 0 sector 0 (indicated by 
1) following the outer peripheral address recording 
section 2 up to track 0 sector 17 following the 
address information recording section 4, and from 
track 0 sector 18 following the inner address infor- 
mation recording section 8 up to track 0 sector 29 
following the address information recording section 
10, Similarly, recording the same image information 
on track 1 will occupy the entirety of track 1. 
Accordingly, any track has a total of 30 sectors in 
the inner and outer portions. In this way, from the 
state of access to the outermost track in the outer 
portion and innermost track in the inner portion 
shown in Fig. 2A, the image data is recorded up to 
respective intermediate tracks shown in Fig. 2B. 

Next, the second embodiment of this invention 
will be described with reference to the drawings. 
Fig. 3 shows the concept of recording state on the 
optical information recording disk according to the 
second embodiment of this invention. In Fig. 3, 
indicated by 1 is an optical guide groove for the 
outermost track 0 sector 0 on the recording surface 
of the optical recording disk. Indicated by 2, 3. 4, 5. 
6 and 7 are address information recording sections 
for the outermost track 0 sector 0, track 0 sector 1 , 
track 0 sector 17, track 1 sector 0, track 2 sector 0, 
and track 2 sector 15, respectively. Indicated by 8, 
9, 10, 11, 12 and 13 are address information re- 
cording sections for the innermost track 0 sector 
18. track 0 sector 19, track 0 sector 29, track 1 
sector 18, track 2 sector 16, and track 2 sector 29, 
respectively. The above arrangement is basically 
identical to that of Fig. 1. Indicated by 18 and 19 
are address information recording sections in which 
are recorded track numbers, numbers 0 and 1 for 
the following two semicircular information recording 
sections on each track and synchronizing marks 
recorded in PE modulation of constant recording 
density per angle, different from the modulation 
method for the above-mentioned two address in- 
formation recording sections. 

The operation of the optical information record- 
ing disk arranged as described above will be ex- 
plained in connection with Fig. 3. The optical in- 
formation recording disk of this embodiment has its 
number of sections per track increasing by two in 
each shift of two tracks from inner to outer tracks. 
This is the MCAV system, having the same track 
arrangement as Fig. 1 . Each track on the recording 
disk surface is split into two parts, and the split 
semicircular tracks are arranged following the ad- 
dress information recording sections 18 and 19. 
This means for half tracks that the number of 
sectors increases by one at each shift of track 



position from inner to outer tracks, and correspon- 
dence can be made between half tracks starting at 
the outer position of outer portion and half tracks 
starting at the inner position of inner portion as the 
s number of tracks increases. This correspondent 
arrangement for each track is basically the same 
as the embodiment of Fig. 1 . An agreeable scheme- 
of fast access on the optical information recording 
disk is to know the address information of the 

w target track and access to the track while control- 
ling by counting the number of tracks to pass 
thereacross. However, in MCAV system, the clock 
used to read the address information varies de- 
pending on the track position, and therefore it is 

;s difficult to read the address information during the 
access, in contrast, recording address information 
at invariable positions and in CAV system, as in 
this embodiment, facilitates the reading of track 
address, resulting in a. faster access "capability. 

20 Figs. 4A and 4B show the concept of recording 

state of the optical information recording disk ac- 
cording to the third embodiment of this invention, 
and Figs. 5A and 5B are diagrams showing the 
track access states according to this embodiment. 

25 In Fig. 4A, indicated by 20 is an optical guide 
groove for the outermost track 0 sector 0 on side 1 
of the double-sided optical information- recording 
disk. Indicated by 21 is an address information 
recording section in the form of small pits for the 

30 outermost track 0 sector 0, and it has a record of 
address information including track information and 
information such as an error check code for the 
address information, all recorded at manufacturing 
of the master disk for the optical information re- 

35 cording disk. Indicated by 22, 23, 24, 25 and 26 
are address information recording sections for the. 
outermost track 0 sector 1, track 0 sector 17, track 
1 sector 0, track 2 sector 0. and track 2 sector 1 5, 
respectively. Indicated by 27 and 28 are address 

40 information recording sections for the innermost 
track 9 sector 0, and track 9 sector 9, respectively. 
In Fig. 4B, 29 is an optical guide groove for the 
innermost track 0 sector 18 on side 2 of the 
double-sided optical disk. 30 is an address in- 

45 formation recording section for the innermost track 
0 sector 18 which was recorded at manufacturing 
of the master disk, as for side 1. Indicated by 31. 
32, 33, 34 and 35 are address information record- 
ing sections for track 0 sector 19, track 0 sector 27, 

so track 1 sector 18, track 2 sector 16, and track 2 
sector 27, respectively. Indicated by 36 and 37 are 
address information recording sections for the out- 
ermost track 9 sector 10 and track 9 sector 27, 
respectively. In Figs. 5A and 5B, indicated by 38 is 

55 the optical information recording disk, 39 and 40 
are optical heads, and 41 is a disk spindle motor. 

The operation of the optical information record- 
ing disk arranged as described above will be ex- 



5 



9 



0 273 384 



10 



plained in connection with Figs. 4A, 4B, 5 A and 5B. 

The optical recording disk of this embodiment 
has its number of sectors per track increasing by 
two at each shift of two track positions from inner 
toward outer tracks. This is the MCAV system, and 
even in increasing the number of divisions along 
the way from inner to outer tracks if the length of 
division exceeds a certain length which is set for 
the innermost track, the number of divisions is 
increased so that the line recording density is 
virtually kept constant. Each track on side 1 and 
side 2 of the optical information recording disk is 
split into two parts, and it means for the split 
semicircular tracks that the number of sectors in- 
creases by one as the track position shift from 
inner toward outer tracks. On the optical informa- 
tion recording disk of this embodiment tracks giv- 
en the same number exist on both the side 1 and 
side 2. Recording video data for a piece of digital 
picture occupies all of 28 sectors on track 0, i.e., 
from track 0 sector 0 (indicated by 20) following 
the address recording section 21 up to track 0 
sector 17 following the address information record- 
ing section 23, and from track 0 sector 18 following 
the address information recording section 30 on 
side 2 up to track 0 sector 27 following the address 
information recording section 32. Similarly, record- 
ing the same image information on track 1 will 
occupy the entirety of track 1. Accordingly, any 
track has a total of 28 sectors on side 1 and side 2. 
In this way, image data is recorded from the state 
of access to track 0 on side 1 shown in Fig. 5 A up 
to the state of access to track 9 shown in Fig. 5B. 

Next the fourth embodiment of this invention 
will be described with reference to the drawings. 
Rgs. 6A and 6B show the concept of recording 
state on the optical recording disk according to the 
fourth embodiment of this invention. In Fig. 6A, 
indicated by 20 is an optical guide groove for the 
outermost track 0 sector 0 on side 1 of the double- 
sided optical disk. Indicated by 21, 22, 23, 24, 25 
and 26 are address information recording sections 
for the outermost track 0 sector 0, track 0 sector 1 , 
track 0 sector 17, track 1 sector 0, track 2 sector 0, 
and track 2 sector 1 5, respectively. Indicated by 27 
and 28 are address information recording sections 
for the innermost track 9 sector 0, and track 9 
sector 9, respectively. The arrangement is basically 
identical to that of Fig. 4. indicated by 42 and 43 
are address information recording sections in which 
are recorded track numbers, numbers 0 and 1 for 
the following two semicircular information recording 
sections on each track and synchronizing marks 
recorded in PE modulation of constant recording 
density per angle, different from the modulation 
method for the above-mentioned address informa- 
tion recording sections 21 . 

In Fig. 6B, 29 is an optical guide groove for the 



innermost track 0 sector 18 on side 2 of the d 
oubte-sided optical disk. Indicated by 30, 31 , 32, 
33. 34 and 35 are address information recording 
sections for the outermost track 0 sector 18, track 

5 0 sector 19, track 0 sector 27, track 1 sector 18, 
track 2 sector 17, and track 2 sector 27, respec- 
tively. Indicated by 36 and 37 are address informa- 
tion recording sections for the outermost track 9 
sector 1 0, and track 9 sector 27, respectively. 

70 Indicated by 44 and 45 are address information 
recording sections in which are recorded track 
numbers, numbers 0 and 1 for the following two 
semicircular information recording sections on each 
track and synchronizing marks recorded in PE 

is modulation of constant recording density per angle, 
different from the modulation method for the 
above-mentioned address information recording 
sections 30. 

The operation of the optical information record- 

20 ing disk arranged as described above will be ex- 
plained in connection wjth. Figs. 6A and 6B. The 
optical recording disk of this embodiment has its 
number of sectors per track increasing by two at 
each shift of two tracks from inner toward outer 

25 tracks. This is the MCAV system, having the same 
track arrangement as Fig. 4. Each track on side 1 
and side 2 of disk is split into two parts, and the 
split semi-circular tracks are arranged following the 
address information recording sections 42. 43, 44 

30 and 45. This means for half tracks that the number 
of sectors increases by one at each shift of position 
from inner toward outer tracks, and a correspon- 
dence can be made between half tracks starting at 
the outer peripheral position of side 1 and half 

35 tracks starting at the inner peripheral position of 
side 2 as the number of tracks increases. This 
correspondent arrangement for each track is ba- 
sically the same as the third embodiment An 
agreeable scheme of fast access on the optical 

40 information recording disk is to know the address 
information of the target track and access to the 
track while controlling by counting the number of 
tracks to pass thereacross. However, in MCAV sys- 
tem, the clock used to read the address information 

45 varies depending on the track position, and there- 
fore it is difficult to read the address information 
during the access. In contrast recording of address 
information at invariable positions and yet accord- 
ing to CAV system, as in this embodiment facili- 

50 tates the reading of track address, resulting in a 
faster access capability. Each semicircular track on 
side 1 and side 2 has a total of 28 sectors, and this 
is substantially equal to the transfer rate at an 
intermediate track position on the optical informa- 

55 tion recording medium. It enables faster data trans- 
fer as compared with the CAV system, and is 
suitable for recording and reproducing digital video 
pictures. 
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Fig. 7 is a block diagram of the optical informa- 
tion recording apparatus which is the fifth embodi- 
ment 1 of this invention. Shown in Fig. 7 by 38 is a 
double-sided optical information recording disk, 39 
and 40 are optical heads, 41 is a disk spindle 
motor, 46 and 47 are binary threshold circuits, 48 
and 49 are optical head drive control circuits. 50 
and 51 are address information detecting circuits. 
52 and 53 are PLL circuits, 54 and 55 are error 
correcting circuits, 56 and 57 are buffer memories/ 
58 and 59 are laser drive circuits. 60 is a control 
microcomputer, and 61 is a distributing-merging, 
circuit. Figs. 5 A and 5B are diagrams showing the 
scene of track access according to the fifth em- 
bodiment of this invention. In the figure, indicated 
by 39 and 40 are optical heads, and 41 is a disk 
spindle motor. 

The operation of the optical information record- 
ing disk apparatus arranged as described above 
will be explained in connection with Figs. 7, 5A and 
5B. 

The optical recording disk of this embodiment 
has its number of sectors per track increasing by 
one at each shift of one track position from inner 
toward outer tracks. This is the MCAV system, 
having a constant recording density per sector by 
increasing the sector length along the way from 
inner toward outer tracks, and if the length of 
divided sectors exceeds a certain length deter- 
mined for the innermost track despite an increased 
number of divisions at the circumference, the num- 
ber of divisions is further increased so that the line 
recording density of each sector is substantially 
constant. It is assumed that such a recording sur- 
face exists on both of . side 1 and side 2 of the 
optical information recording disk, and the inner- 
most and outermost portions include 10 sectors 
and 18 sectors, respectively. In recording image 
data for a piece or one scene of digital picture 
having an equivalent capacity of 28 sectors onto 
the optical information recording disk, it occupies a 
total of 28-sector area by being recorded divided ly 
on the innermost track on side 1 and outermost 
track on side 2. Similarly, when the same image 
information is recorded on the track next to the 
innermost track and the track next to the outermost 
track, it occupies 11 sectors and 17 sectors on 
these tracks or a total of 28 sectors. When cor- 
respondence is made between tracks on side 1 
and tracks on side 2 sequentially, an arbitrary track 
always has a total of 28 sectors on side 1 and side 
2, and it invariably meets the relation of constant 
number of sectors based on the formula of arith- 
metical series. 

For the tracking to arbitrary target track on the 
optical information recording disk 38, the control 
microcomputer 60 operates on the optical head 
drive circuits 48 and 49 to have a seek operation 



for the optical heads 39 and 40 so that the address 
information read out by the binary threshold cir- 
cuits 46 and 47 and address information detecting 
circuits 50 and 51 becomes equal to the specific 

5 address. At recording, binary information sent from 
the host computer by way of the distributing-merg- 
ing circuit 61 is distributed to the buffer memories 
56 and 57 in quantities proportional to the numbers 
of sectors on the respective tracks, and, after being 

w appended with error correcting codes by the error 
correcting circuits 54 and 55, the information is 
recorded on the optical information recording disk 
38 by the laser drivers 58 and 59. At reproduction, 
the control computer 60 sets up in advance the 

75 synthesized oscillators within the PLL circuits 52 
and 53 so that they oscillate comparing source 
oscillation frequencies corresponding to the target 
track addresses, and reads out the recorded in- 
formation which has been quantized in binary by 

20 the binary threshold circuits 46 and 47 using the 

source oscillation frequencies and the reproduction 

clock produced by the PLL circuits, and, after the 
correcting process by the error correcting circuits 
54 and 55. sends the information to the buffer 

25 memories 56 and 57. The data from the buffer 
memories are merged by the distributing -merging 
circuit 61 , and sent to the host computer. The data 
transfer rate from the host computer at recording 
and to the host computer at reproduction is equiv- 

30 alently 28 sectors per disk revolution. Shown in 
Figs. 5A and 5B are head positions after the optical 
heads 39 and 40 had started access to respective 
sectors (Fig. 5A), and when the heads have com- 
pleted recording of a total of 10 pieces of image 

35 data on the entire surfaces of the optical recording 
disk (Fig. 5B). 

Next, the sixth embodiment of this invention 
will be described with reference to the drawings. 
Fig. 8 shows in block diagram the optical informa- 

40 tion recording disk apparatus according to the sixth 
embodiment of this invention. In the figure, shown 
by 38 is an optical information recording disk, 39 
and 40 are optical heads, 41 is a disk spindle 
motor. 46 and 47 are binary threshold circuits, 48 

45 and 49 are optical head drive control circuits. 50 
and 51 are address information detecting circuits, 
52 and 53 are PLL circuits, 54 and 55 are error 
correcting circuits, 56 and 57 are buffer memories, 
58 and 59 are laser drive circuits, 60 is a micro- 

50 computer, and 61 is distributing-merging 
(combining) circuit. These are the same compo- 
nents as shown in Fig. 7. Indicated by 62 and 63 
are input signal switching circuits, and 64 and 65 
are output signal switching circuits. Indicated by 38 

55 is an optical guide groove for the outermost track 0 
sector 0 on side 1 of the double-sided optical 
information recording disk. 

The operation of the optical information record- 
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ing disk apparatus arranged as described above 
will be explained in connection with Rg. 8. 

The optical information recording disk of this 
embodiment has its number of sectors per track 
increasing by one at each shift of one track along s 
the way from inner toward outer tracks. It is as- 
sumed that image data for a piece of digital picture 
has a capacity equivalents equal to 28 sectors. In 
recording the data on the optical information re- 
cording disk, it is further assumed that data record- 10 
ing has started on the innermost track of side 1 
and the outermost track of side 2 of the optical 
recording disk, while storing data for the innermost 
10 sectors and outermost 18 sectors in the buffer 
memories 56 and 57, in a period of time when the is 
optical recording disk 38 turns one revolution. Im- 
age data of equally equivalent to 28 sectors are 
written in the buffer memories 56 and 57 in a 
proportion of quantities of 1 7 sectors and 1 1 sec- 
tors, respectively, and during the next one revolu- 20 
tion of the optical recording disk, data is recorded 
on the track next to the outermost track and in the 
sector next to the innermost track, after the output 
switch circuits 64 and 65 have been reversed. 
Similarly, the input switch circuits 62 and 63 are 25 
also reversed in every second revolution at re- 
production. Consequently r the quantity of data en- 
tered to the buffer memory circuits 56 and 57 does 
not exceed the data capacity equivalent to the 
maximum 28 sectors. Data control is relatively sim- 30 
pie. 

Although the first, third and fifth embodiments 
have been described on assumption that the total 
number of tracks is eight or ten, the track pitch is 
usually around 1.6 urn and there are almost 1000 35 
tracks having a same number of divisions, and an 
optical information recording disk has a total num- 
ber of tracks of the order of ten thousands on one 
side. Naturally, in case the first information record- 
ing sections are provided at every 360 degrees, the 40 
number of divisions of track can be increased by 
one track increment along the way from inner to- 
ward outer tracks. Although the address information 
recording sections are recorded as small pits, it is 
of course possible to record these sections in any 45 
method which allows optical read out. Instead of 
arranging the address information sections 14 and 
15, or 42, 43, 44 and 45, each sector address 
information may be omitted. Information such as 
images may have been recorded in the form of so 
small pits or small protrusions at manufacturing of 
the master disk. Double tracks may be formed so 
that fast recording and reproduction are 'possible 
by dual-beam recording, or two pairs of optical 
heads may be provided to accomplish the same 55 
effectiveness. The rotation of the optical informa- 
tion recording, disk may be synchronized with the 
vertical sync signal of the analog image data for 



the recording and reproduction of video images. 

According to this invention, as described 
above, tracks in the inner and outer portions of an 
optical information recording disk are combined so 
that the circumferential sum is constant, or circum- 
ferential sum of tracks on both sides of a double- 
sided optical recording disk is constant, thereby 
making constant the sum of corresponding sectors 
on both sides which is set in the MCAV system. 
Information in batch of certain quantity is recorded 
on logical tracks, for example, whereby the mass 
storage capability of the MCAV system and easy 
information control quality based on track or sector 
of the CAV system can be realized at the same 
time. In addition, the fast access performance of 
the CAV system and fast continuous data transfer 
at a low disk speed can be realized. 



Claims 

1. An optical information recording disk having 
first information recording sections provided at a 
constant angular interval on spiral tracks provided 
separately, equal in number, in an inner circum- 
ferential portion and an outer circumferential por- 
tion on one side of a disk. (14); partitioned informa- 
tion sections provided by dividing part or all of said 
first information recording sections, said partitioned 
information sections having each a length longer 
than a predetermined length and having a maxi- 
mum allowable number of divisions per said first 
information recording section determined depend- 
ing on the radius of track; and address information 
sections <2-l3) on said spiral tracks for identifying 
the location where information is recorded, wherein 
information is recorded on said spiral tracks in said 
inner portion away from inner to outer tracks, in- 
formation is recorded on said spiral tracks in said 
outer portion, having a different spiral direction 
from that of said tracks in inner portion, away from 
outer to inner tracks, a series of information is 
recorded dividedty so that said first information 
recording sections on a specific track in said inner 
portion correspond to said first information record- 
ing sections on a specific track in said outer por- 
tion, and said specific tracks are confined to have 
such a relation that the sum of numbers of di- 
visions per said first information recording section 
in said inner portion and said outer portion is equal 
to the sum of a number of divisions of said first 
information recording section in the innermost cir- 
cumference and a number of divisions of the out- 
ermost circumference. 

2. An optical information recording disk having 
first information recording sections provided at a 
constant angular interval on spiral tracks provided 
equally in number on both sides of a disk (38); 
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partitioned information sections provided by divid- 
ing part or all of said first information recording 
sections, said partitioned information sections hav- 
ing each a length longer than a predetermined 
length and having a maximum allowable number of 5 
divisions per said first information recording section 
determined depending on the radius of track; and 
address information sections on said spiral tracks 
for identifying the location where information is 
recorded, wherein information is recorded on said 10 
spiral tracks on a first surface of said disk away 
from inner to outer tracks, information is recorded 
on said spiral tracks on a second surface of disk 
having a same spiral direction as of said tracks on 
said first surface of disk away from outer to inner 15 
tracks, a series of information is recorded divided ly 
so that said first information recording sections on 
a specific track on said first surface correspond to 
said first information recording sections on a spe- 
cific track on said second surface, and said specific 20 
tracks are confined to have such a relation that the 
sum of numbers of divisions per said first informa- 
tion recording section on said first surface and said 
second surface is equal to the sum of a number of 
divisions of said first information recording section 25 
in the innermost circumference and a number of 
divisions of the outermost circumference. 

3. An optical information recording disk accord- 
ing to Claim 1 or 2 further having second informa- 
tion recording sections (18, 19; 42-45) containing 30 
address information recorded at a constant record- 
ing density per angle in the form of small pits or 
protrusions on said spiral tracks, said second in- 
formation recording sections preciding said first 
information recording sections". 35 

4. An optical information recording disk appara- 
tus comprising: an optical information recording 
disk (14, 38) having address information section on 
tracks for identifying the location where information 

is recorded, first information recording sections 40 
provided at a constant angular interval on said 
tracks, and partitioned information sections pro- 
vided by dividing part or all of said first information 
recording sections, said partitioned information sec- 
tions having each a length longer than a predeter- 45 
mined length and having a maximum allowable 
number of divisions per said first information re- 
cording section determined depending on the ra- 
dius of track: at least one pair of heads (39. 40) for 
writing or reading information on said optical in- 50 
formation recording disk; means (46) for converting 
information read out of said optical information re- 
cording disk into binary information; a buffer mem- 
ory (56, 57) for storing binary information written or 
read by said heads; means for rotating said optical 55 
information, recording disk at a constant angular 
velocity; means (150) for identifying said address 
information; and means for recording a constant 



quantity of information per said partitioned informa- 
tion section, wherein said pair of heads access to 
different tracks, with a sum of numbers of divisions 
of said first information recording sections being a 
constant value, and, at recording, binary informa- 
tion to be recorded in quantity equivalent to said 
sum of divisions is written into said buffer memory 
during eacrrcertain angular revolution of said disk 
and, thereafter the binary information is read out of 
said buffer memory and supplied to said partition- 
ed information sections distributive^ for said head 
pair depending on said division number, and, at 
reproduction, information picked up by said pair of 
heads is converted into binary and written in said 
buffer memory and binary information in quantity 
equivalent to said sum of division numbers is read 
out of said buffer memory during said angular 
revolution of said optical information recording disk. 

5. An optical information recording disk appara- 
tus according to Claim 4, wherein at recording, at 
least one pair of switch circuits (64, 65) are pro- 
vided, which select one of said pair of heads for 
the binary information output of said pair of buffer 
memories, said switch circuits being reversed at 
every angular revolution of said optical information 
recording disk thereby to select another head, by 
which binary information is written on said optical 
information recording disk, and wherein at repro- 
duction, switch circuits (62, 63) are provided, which 
select one of said pair of heads for the binary 
information input of said pair of buffer memories, 
said switch circuits being reversed at every angular 
revolution of said optical information recording disk 
thereby to select another head, by which read-out 
binary information is written in said buffer memo- 
ries. 
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